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INTRODUCTION 

Two  Nairy  G«276  liquid  oxygen  saiDlors,  ehargod  with  U)Z  fton  a Naval  Air 
raeillty,  Waxaiaatar  atoraga  tank,  vara  dallvarad  to  tha  Aavo  Hatarlala 
Laboratory  for  routina  laboratory  analyala.  Ona  of  tha  aaaplara  axplodad  in 
tba  laboratory  eauaing  axtanaiva  property  daaaga,  but  only  ainor  injury  to 
paraonnal.  An  invaacigation  was  conducted  to  dataralna  tha  probable  cauaa  of 
tbo  axploalon. 

DISCUSSION 

It  ana  noted  by  laboratory  paraonnal  at  tha  tine  of  delivery  that  ona  aaavlar 
cyliadar  aaa  coi^lataly  covered  with  front  vharaaa  tha  other  aaaiplar  aaa 
fxoat-fraa.  Nhila  teat  praparationa  aara  undaraay  a ataal  rataiidng  band  on 
tba  fxoatad  cylinder  craekad  and  fall  to  tha  floor.  Approxlnataly  five  ninntaa 
later  tha  froat-covarad  cylinder  axplodad.  Figuraa  1,  2,  3 and  A ahoa  aona  of 
tha  axtanaiva  phyaical  daMga  cauaad  by  tha  axploalon.  A laboratory  taehntcian 
uho  aaa  atanding  in  tha  location  ahoan  in  Figure  1 auatainad  ainor  cuta  and  a 
tanporary  loaa  of  hearing.  Three  aajor  aactiona  of  the  axplodad  cylinder  cane 
to  root  in  tba  locationa  ahoan  in  Figuraa  2 and  3.  Figura  4 above  a typical 
G*276  LOK  aaaplar  cylinder  in  a atand  near  an  araa  of  tha  danagad  aall  in  tha 
hallvay  and  aone  of  tha  ahattarad  ataal  banda.  Figura  5 ahowa  tha  varioua 
parta  of  tha  axplodad  cyliadar.  It  appaara  that  tha  valve,  nipple  and  aanplar 
filler  tute,  upon  a^aratlon  fron  tha  akploding  cylinder,  vara  pcopallad  upvaxd 
to  tha  ceiling,  eauaing  aone  daaaga  and  finally  landing  on  tha  floor  about  four 
faat  apart.  Tha  wira  banda  vara  acattarad  throughout  tha  araa  aa  abovn  in 
Figuraa  1,  2,  3 and  4. 

FAILURE  ANALYSIS  OP  THE  CYLINDER 

Datailad  photoa  of  tha  tubq,  nipple  and  axplodad  cylinder  are  ahovn  in  Figura 
Cloaa  axanination  of  photoa  1,  2 and  3 (Figura  6)  ahov  that  nany  araaa  along  tha 
cireunfarenca  of  tha  tuba  and  nipple  vara  void  of  ailvar  aoldar  (aaa  arrova). 
Spacifieationa  of  tha  nipple  aaaa^ly  fron  tha  Naval  Air  Station,  Alanada, 
California,  (MR  D^rtnant  Drawing  212258  of  5 Dacaabar  1958  (Fi^a  7)  ihov 
that  tha  atainlaaa  ataal  tuba  ahould  hava  baan  racaaaad  into  a 0.26"  (0.66  on) 
countarbora.  Tha  S8  tuba  fron  tha  axplodad  aaaplar  van  found  to  ba  eountarborad 
laaa  than  0.062"  (0.158  cn),  practically  fOcning  a butt  vald  with  vary  littla 
fillar  natal.  It  ia  baliav^  that  a crack  batwaan  Aa  tuba  and  nippla  axiotad 
prior  to  tha  loot  aanpla  charga.  Thia  aaparation  parAttad  aa  aneaaa  voluna  of 
LOK  to  ovarflov  into  tha  cyliadar  during  tha  filling  of  tha  aaivl*F  tuba.  Tha 
dioeoloration  of  tha  inaida  of  Aa  cyliadar  aa  Aoun  A Figura  5 (arrow)  obowo 
that  liquid  vaa  praoant  A Aa  lowar  portion  of  Aa  cyliadar.  Ihoto  4 
(Fignro  6)  ahowa  ooaa  danaga  to  Aa  thraada  of  Aa  niw^*  adaptor.  Tha  alight 
dan^a  to  Aa  nippla  thraada  and  alao  to  Aa  cyliadar  Araada  (not  Aoun) 
AdAAaa  Aa  aaparation  of  tha  adaptor  aaauAly  and  cylindar  occurrad  ainal- 
tanaoualy  wiA  Aa  ruptura  of  tha  cylindar  walla.  Thotoo  5 and  6 ahov  craeka 
(opan  arrowa)  A tha  Atarior  aurfaca  below  tba  Araada  A tha  nack  of  Aa 
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cylinder.  These  creeks  ere  visible  without  the  eld  of  any  ■agnlflcetlon.  The 
depth  of  the  creeks  found  three-fourths  of  an  Inch  fron  the  AMPT  thread 
was  0.015”  (0.098  cm).  The  sdnlnum  wall  thickness  at  this  point  was  0.343” 

(0.871  ea),  or  a crack  depth  of  4.5X  of  the  wall  thickness.  Cracking  was  detected 
to  a distance  of  1-3/4”  (4.445  cai)  fron  the  AHPT  thread.  At  this  point  the 
crack  penetrated  to  a depth  of  0.0075”  (0.019  where  the  wall  thlelc- 

ness  was  0.156”  (0.396  ea),  or  a crack  depth  of  5X  of  the  wall  thickness. 

Photo  7 shows  the  pressure  relief  asssshly  nuts  which  are  extensively  used  on 
the  Navy  G-278  saapler  exit  valves.  These  nuts  have  access  ports  which  can 
be  filled  with  fusible  aetal  alloy  which  will  nelt  when  excess  teaperatures 
occur,  allowing  the  safety  rupture  disc  to  release  the  excess  pressure.  The 
nut  on  the  left  has  a fusible  natal  alloy  b^ind  the  safety  burst  disc.  The 
pressure  relief  nut  on  the  right  shows  no  fusible  aetal  alloy  in  the  aecesa 
ports.  Since  ell  Navy  G-276  LOX  sanplers  are  designed  for  low  teaperature  use, 
the  presence  of  the  fusible  natal  alloy  would  prevent  the  escape  of  excess  LOX 
pressure.  Therefore,  all  Navy  G-276  saapler  valves  should  have  a safety  relief 
nut  without  the  fusible  alloy.  The  safety  relief  nut  on  the  valve  of  the  exploded 
cylinder  still  had  the  fusible  aetal  alloy  behind  the  safety  disc. 

Infrared  spectrophotonctric  analysis  of  the  oxygen  saaple  In  the  undanaged 
G-276  saapler  charged  fron  the  sane  source  at  the  sans  tine  as  the  nalfunctloned 
saltier  showed  satisfactory  quality  of  breathing  oxygen  with  no  evidence  of 
abnomel  or  exceas  contaninant  levels. 

CONCLUSIONS 

Based  on  the  evidence  available.  It  Is  believed  that  the  explosion  occurred 
because  a separation  between  the  nipple  and  the  stainless  steel  saapler  tube 
allowed  leak^e  of  LOX  beyond  the  filler  tube.  The  excess  volune  of  LOK  which 
accunulated  in  the  botton  of  the  cylinder  produced  a gas  pressure  buildup 
which  exceeded  the  bursting  strength  of  the  cylinder.  The  use  of  an  unbacked 
safety  disc  on  the  vent  valve  asseahly  would  have  pemltted  the  pressurised 
gas  to  escape. 

RICOMMBNDATIONS 

Appendix  A gives  a detailed  Inspection  procedure  for  G-276  Liquid  Oxygma 
Sailer  Cylinders.  It  la  recnasnndsd  that  this  Inspection  procedure  be 
followed. 
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APPENDIX  A 


nSPBCTimi  or  C-276  liquid  oxygen  sampler  CTUODIIS 


1.  R«h>v«  nipple  eseaiAly  from  the  saapler  cylinder. 

2.  Check  external  silver  solder  Joint  (refer  to  U.  S.  Naval  Air  Station, 
AlsMda,  California,  Ott  OepartMnt  Orawing  No.  212258  of  5 Oecsnber  1958) 
for  any  irregularities  beteeen  the  nipple  and  the  stainless  steel  tubing 
and  the  velded  joint  of  the  botton  cap.  If  the  solder  Joint  or  the  veld 
area  has  any  defects  such  as  insufficient  solder,  cracks,  or  visible 
porosity,  discard  the  unit  or  send  it  to  the  shop  for  revorking. 

3.  Check  stainless  steel  tubing  internally  (by  inserting  a rigjht-angled 
scriber)  to  see  if  properly  recessed  (oounterbored)  0.26"  (0.66  cn)  into 
nipple  as  ahovn  in  the  No.  212258  draving.  If  the  silver  solder  Joint 

is  defective  and/or  the  tubing  is  not  recessed  properly,  it  is  en^asised 
that  the  unit  should  be  discnded  or  reuorfcad  to  conform  to  the  above 
draving. 

4.  If  the  valve  safety  disc  is  backed  by  a fusible  alloy  (drilled  holes 
filled  vith  metal) , this  matarial  MOST  be  removed.  The  purpose  of  the 
fusible  alloy  is  obviated  since  the  intent  of  the  6-276  sampler  is  not 
for  the  storage  of  compressed  gases  under  hi^  pressures  in  enviroamants 
of  sxtrams  heat.  The  high^apecity  packless  cylinder  valve  used  in 
G-276  LOX  saaplers  MD8I  be  fitted  vith  an  UNBACKED  saf^  diac.  Check 
the  cylinder  valve  safety  diac  (Specification  MIL-V-9439A)  by  removing 
the  nut  on  the  side  opposite  the  valve  outlet  to  see  if  the  safety  diac 
is  the  proper  thickness  (.00615  - .00665  in.)  or  if  it  bears  a burst 
strength  marking  of  2700  to  3000  pai. 

5.  A suggested  alternative  to  the  present  valve  uaed  on  6-276  LOX  saaplers 
is  to  replace  this  valve  vith  a modifind  high  capacity  packless  cylinder 
valve  vith  an  unbacked  safety  disc  assanbly  to  vbich  has  been  added  a 
2000  psi  maximsm  pressure  gauge  drilled  and  tapped  into  the  aafety  bore. 

The  gauge  vill  penlt  inatastanaous  datactlon  of  aay  excess  pressure 
vithln  the  cylinder. 

6.  If,  at  any  time,  it  is  noted  that  the  steel  protection  bands  are  bxokan  on 
a 6-276  LOX  saapler,  the  cylinder  ahonld  be  discarded.  Cheek  the  date 
vhen  the  cylinder  van  laat  Iqrdrootatically  tested.  If  outdated  (5  years), 
send  cylinder  to  tbe  Naval  Air  Xavoxk  Facility  for  raan firing  and  hydro- 
static  testing. 

7.  In  the  saapliag  operation,  after  filling  the  smaller  vith  LOX,  the  cylinder 
should  be  snraminad  for  any  evidence  of  fxoat  appearing  on  the  bottom  or 
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frost  OMT  tho  top  otoB.  Should  this  occur,  tiio  CMplor  chould  be 
Tired  to  oticphorc  iiodl  cfcly  and  rst— pllag  chould  bo  porfond  with 
1 cltcciicto  a«iplor.  The  dofitluc  oaoplor  should  be  chocked  i ocattad 
ahous  la  paragraphs  1 to  6 and  rswerkad  icordlagly.  la  the  com  of  tlia 
aodlflad  Talas  suggastod  under  paragraph  5,  a viaual  cheek  i thm  pniwrs 
bulld-up  should  be  nada  and  ascass  prisurs  Tontad  to  the  dasirad  500  |isl^ 

gOR:  An  addy-curront  aoa-daatroetlTa  taehnlqua  for  inapaetiag  tiia  atalnlass 
ataal  tuba  and  nipple  asaaobly  hi  bm  auggaatad.  Wn  details  of 
this  procodurs  hava  bm  oatabllAad,  the  taehnlqua  alll  be  arnllabla 
to  facllltata  the  Inapition  of  6-276  US  cyllaiars. 
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